Introduction
Interferometric Synthetic Aperture Sonar (InSAS) provides a means of obtaining high resolution three-dimensional images of targets on the sea floor [1, 2] . The interferogram obtained from InSAS always has much noise that disturbs the quality of the interferogram. Therefore, how to remove the phase noise and preserve the edge feature effectively is an important aspect in InSAS data processing. Traditional filtering methods, such as media filter and mean filter, always produce the problems of over-smoothing. Recently, many different PDE methods have been developed and widely used to remove the noise and preserve the edge [3] [4] [5] . Since it is not feasible to discuss all the methods here, we concentrate on a few methods which are related to our proposed method.
In 1990, Perona and Malik [7] proposed the following nonlinear diffusion that had great influence in this field:
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where u denotes the gradient of image,  denotes the boundary of image domain  , n represents the direction normal to  , and
The nonlinear diffusion can remove the noise and preserve the image edge effectively by choosing the appropriate diffusion function. However, it does not perform well for large noisy images because this will result in false edges and this model is ill-posed [8] if      u g u is nonincreasing since it cannot ensure the existence and uniqueness of the solutions. To avoid this problem, Catte et al. [8] established the following regularized model:
Gu denotes a convolution of the image with a Guassian kernel,
. Namely, it uses Gauss pre-filtering before nonlinear diffusion.
5th International Conference on Measurement, Instrumentation and Automation (ICMIA 2016) Although this change improves the original de-noising procedure, Guassian convolution is an isotropic diffusion, this leads not to preserve important edges, especially corners and junctions. Moreover, the variance of Gauss function must be set manually before iterations, which cannot satisfy the requirement of adaptability. To solve the problem mentioned above, Chen [9] gave a coupled PDE model based on the variational method. This paper is organized as follow, In Section 2, a modified coupled PDE method is introduced based on the mentioned above, and we presents a numerical implementation of the proposed coupled PDE method. In Section 3, results of numerical simulations and real experimental data are presented respectively, which demonstrate the superiority of the proposed method.
Formula Development And Numerical Implementation
The main problem with Chen method is that too many parameters should be adjusted manually and it is computationally expensive. Based on the above statements, this paper utilizes a special coupled PDE model (max( ,0)) (min( ,0)) (max( ,0)) (min( ,0)) 
Experimental results and analysis
Using this new coupled PDE model , we process simulated and real experimental data, respectively. The original noisy interferogram simulated by the computer is shown in Fig.1 . The Chen method was run with 0.5, 0.0005
for 30 iterations and the result is shown in Fig.2 . The proposed method was run with the parameter values for 0.1
. Fig.3 and Fig.4 are the results images after 5 and 10 iterations, respectively. In this paper, residue numbers and phase mean square deviation (MSD) are chosen as the evaluation criterions, which is given in Table 1 . From table 1, it is shown that comparing with Chen method, the proposed method can reach satisfied result with little time elapse. The real experimental data is generated from InSAS images of Qiandao lake in Zhejiang Province. The original noisy interferogram with 1000×4000 pixels is shown in Fig.5 . The result of Chen method with 15 iterations is shown in Fig.6, Fig.7 is the result of the proposed method in this paper after 10 iterations. Table 2 gives the results data of real experiment. From Table 2 , it can be seen that the residue numbers reduced from 167581 to 4151, after 10 iterations. The simulation and real experimental results indicate that the image is smoothed as the iteration increasing. The data analysis of the simulation and real experimental results show that this new coupled PDE method can remove noise and preserve the edge details effectively. Compared with the Chen coupled PDE model, the processing time of this model and the number of residues are less.
Conclusions
In this paper, a new coupled PDE method for InSAS interferogram filtering was presented. This model can satisfy the requirement of the adaptability which avoids the Gauss pre-filtering. Numerical experiment results and analysis indicate that this method is able to remove the noise effectively and preserve the image edge details much better. This new coupled PDE model is very important for the InSAS real time processing.
